] The seasonal and spatial variability of dissolved Barium (Ba) in the Amundsen Gulf, 8 southeastern Beaufort Sea, was monitored over a full year from September 2007 to 9 September 2008. Dissolved Ba displays a nutrient-type behavior: the maximum water 10 column concentration is located below the surface layer. The highest Ba concentrations 11 are typically observed at river mouths, the lowest concentrations are found in water 12 masses of Atlantic origin. Barium concentrations decrease eastward through the Canadian 13 Arctic Archipelago. Barite (BaSO 4 ) saturation is reached at the maximum dissolved 14 Ba concentrations in the subsurface layer, whereas the rest of the water column is 15 undersaturated. A three end-member mixing model comprising freshwater from sea-ice 16 melt and rivers, as well as upper halocline water, is used to establish their relative 17 contributions to the Ba concentrations in the upper water column of the Amundsen 18 Gulf. Based on water column and riverine Ba contributions, we assess the depletion of 19 dissolved Ba by formation and sinking of biologically bound Ba (bio-Ba), from which 20 we derive an estimate of the carbon export production. In the upper 50 m of the water 21 column of the Amundsen Gulf, riverine Ba accounts for up to 15% of the available 22 dissolved Ba inventory, of which up to 20% is depleted by bio-Ba formation and export. 23 Since riverine inputs and Ba export occur concurrently, the seasonal variability of 24 dissolved Ba in the upper water column is moderate. Assuming a fixed organic carbon to 25 bio-Ba flux ratio, carbon export out of the surface layer is estimated at 1.8 ± 0.45 mol C 26 m −2 yr −1
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[2] Barium (Ba) has increasingly been employed as water , we collected 180 seawater samples using a rosette system equipped with 181 24 12-L Niskin bottles at approximately 70 stations (includ-182 ing repeats at different times of the year). Vertical profiles 183 of dissolved Ba concentrations were constructed from 8 to 184 12 depths per cast. Unfiltered seawater was transferred directly 185 from the spigot of the Niskin bottles into 30 mL plastic bottles, 186 acidified with 15 mL of concentrated Suprapur hydrochloric 187 acid and analyzed in the home laboratory using Isotope 188 Dilution Sector Field Inductively Coupled Plasma Mass 189 Spectrometry (SF-ICP-MS, Element 2, Thermo Finnigan). 190 Briefly, 1 g of seawater was spiked with 0.7 g of a 135 Ba-spike 191 solution yielding a 138 Ba/ 135 Ba ratio between 0.7 and 1 to 192 minimize error propagation. Subsequently the sample was 193 diluted with Milli-Q grade water to a final weight of 30 g. 194 Blanks consisted of acidified (with nitric acid) Milli-Q water. 195 Quantities of sample, spike and dilution water were accu-196 rately assessed by weighing. Reproducibility of our method 197 is ±1.5% (RSD) as tested on repeat preparations of ref- After resting in the refrigerator for 5 days, 600 mL of water 219 were transferred to a 10-mL vial on a Gas Bench II and 220 equilibrated at 25°C for 5-7 days with a 0.5% CO 2 in 221 nitrogen gas mixture. The CO 2 gas was introduced and 222 analyzed in a Delta Plus mass ratio spectrometer. distinct and well defined, the relative contributions of these 280 three water masses to a parcel of seawater can be computed 281 from the following equations:
282
[13] The decomposition was performed using two sets of 283 equations: (2), (3), and (4a), as well as (2) 
Figure 2. . Salinity and A T were used in the decomposition analysis, t1:10 whereas Ba was used to compute the "ideal" Ba concentrations. Note that t1:11 values quoted below may differ from those used in other studies [Chierici t1:12 et al., 2011] in the same area because of spatial and temporal variability. t1:13 Furthermore, the null salinity and alkalinity ascribed to the sea-ice meltt1:14 water reflect the integrated annual effect of the ice cycle. 
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In spring, i.e., during the months of May through July, we (Figures 7-9 ). The barite saturation state is expressed as: 519 layer is undersaturated with respect to barite only during the 520 winter months before the onset of NCP in the surface layer. 521 To summarize, the highest barite saturation states are found 522 between the S P = 32 isopleth at approximately 50 m water 523 depth and the S P = 33.1 isopleth corresponding to the UHL 524 (Figure 7c The Amundsen Gulf is a shelf system and, clearly, is shal- 533 surface layer. The occurrence of a barite saturation state 534 maximum is best visualized in property/property plots of 535 selected hydrographic parameters and dissolved Ba con-536 centrations or the barite saturation state (Figure 8 ). The dis-537 solved Ba versus salinity relationship highlights two distinct 538 sections, each with nearly conservative behavior. A positive 539 correlation of Ba and salinity is observed above the S P = 33.1 540 horizon. While the S P = 33.1 layer is characterized by an 541 average Ba concentration of 69 nM Ba (Table 1) , the maxi-542 mum Ba concentration is actually found at lower salinities, 543 thus above the S P = 33.1 isopleth. Below the S P = 33.1 iso-544 pleth, dissolved Ba concentrations decrease with increasing 545 salinity reaching a minimum in the deep waters of Atlantic 546 origin (Figure 8a) . Similarly, the highest dissolved Ba values, 547 and the only barite-equilibrated waters, are observed above 548 the depths of the 33.1 isopleth (Figure 8b ) between approx. 549 50 m and 100 m depth (Figure 7c) (Figure 8c and 8d) . Using the results of the subsequent 560 water mass decomposition analysis down to the S P level of 561 33.1 as a composite of MW, SIM, and UHL water (see 562 equation (2)), we provide further evidence for the enrichment 563 of dissolved Ba above the S P = 33.1 layer. If we assume, as a 564 thought experiment, that the meteoric Ba concentrations are 565 zero (i.e., Ba ideal {no Ba river }) as detailed in the following 566 section, the Ba versus salinity relationship becomes conser-567 vative and reflects a linear mixing of the PML and UHL 568 waters (Figures 8e and 8f) . If we compare these results with 569 our measurements, we see that in the salinity range between 570 S P = 32 and S P = 33.1 the observed Ba concentrations and 571 the barite saturation state appear elevated relative to the 572 conservative Ba (i.e., Ba ideal {no Ba river }) versus S relation-573 ship. In fact, the only values corresponding to barite satura-574 tion correspond to those that deviate from the linear Ba versus 575 S relationship between the S P = 32 and S P = 33.1 (see open 576 circles and triangles in Figures 8e and 8f) . Since the contri-577 bution of MW to subsurface waters is negligible, we attribute 578 the dissolved Ba surplus in the subsurface layer within the 579 32 to 33.1 S P range to the release of Ba from decaying 580 organic matter (bio-Ba decay ), which sank out of the surface 581 layer (Figures 9c and 9e) . This Ba surplus peaks in late autumn, 582 coinciding with the accumulation of dissolved organic carbon 583 (DOC) and DIC in this subsurface layer in response to organic 584 matter decay [see Shadwick et al., 2011b, Figures 8c and 8d] . (Figures 9 and 10 ).
632
The Ba deficiency in the surface layer and thus Ba exp peaked 633 in late summer/early autumn, when biological activity waned.
634
The Ba exp was lowest during the salinity maximum in late (Figures 9c and 9d) . (Figures 10a and 10c) . The lowest fraction of riverine Ba ( Figure 10a ) coincided with the salinity maximum, and the highest fraction with the salinity minimum. Increased Ba export (Figure 10c ) coincided with the under-ice algal bloom, slightly earlier than the arrival of riverine freshwater (Figure 10b ). Ba export exceeded the riverine Ba inputs. Ba and carbon exports peak in late summer, at the end of the biologically active period (Figure 10b ). 
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